This paper was aimed to illustrate the use of process simulation tools to find bottlenecks in a chemical plant. In practice, finding the first bottleneck of a plant is simply by increasing the capacity. However, two questions remain, e.g. what would the next bottleneck be and how big the first bottleneck needs to be expanded until the next bottleneck is reached. These questions can be repeated until eventually the whole equipment in the plant needs to be debottlenecked. Since it is impossible to answer the above questions in practice, a process simulation approach is utilized. Relevant equipment data and a validated thermodynamic model are used to build such a model. Plant performance trials are taken into account to estimate practical parameters such as fouling coefficients and plate tightness. This work requires strong interactions between operational people, consistent data gathering, and process simulation skill. The approach used in this work has shown that a reasonably accurate model can be built. The result has shown that the model can identify the first bottleneck as confirmed on the field. Sequence of bottlenecks and their corresponding increment of capacity increase have also been identified. The simulation results also illustrate the use of process simulation for plant debottlenecking.
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This paper was aimed to illustrate the use of process simulation tools to find bottlenecks in a chemical plant. In practice, finding the first bottleneck of a plant is simply by increasing the capacity. However, two questions remain, e.g. what would the next bottleneck be and how big the first bottleneck needs to be expanded until the next bottleneck is reached. These questions can be repeated until eventually the whole equipment in the plant needs to be debottlenecked. Since it is impossible to answer the above questions in practice, a process simulation approach is utilized. Relevant equipment data and a validated thermodynamic model are used to build such a model. Plant performance trials are taken into account to estimate practical parameters such as fouling coefficients and plate tightness. This work requires strong interactions between operational people, consistent data gathering, and process simulation skill. The approach used in this work has shown that a reasonably accurate model can be built. The result has shown that the model can identify the first bottleneck as confirmed on the field. Sequence of bottlenecks and their corresponding increment of capacity increase have also been identified. The simulation results also illustrate the use of process simulation for plant debottlenecking.
INTRODUCTION
During its life time, a chemical process plant is typically debottlenecked several times. (Litzen & Bravo, 1999) These debottlenecking projects could be due to various reasons such as increasing cost of raw materials or waste treatments, or even simply to increase plant capacity. (See http://www.icheme.org/icheme_home/com munities/special-interestgroups/safety%20and%20loss%20preventio n/resources/~/media/Documents/Subject% 20Groups/Safety_Loss_Prevention/WCCE/O 67-001.pdf)
In practice, the plant can simply be run with increasing capacity until it reaches its first bottleneck. (Pegels & Watrous, 2005) . Until this first bottleneck is relaxed, the next bottleneck(s) is (are) practically unknown. Thus, it is also practically not possible to doincremental debottlenecking without knowing how much it will gain. Hence, the use of process simulation tool can help identifying this sequence of bottlenecks. This present work is aimed to illustrate how process simulation tools can be utilized to solve such industrial problem.
Consider Figure 1 The current system has several constraints, such as product temperature, and the condensates should be below 40 o C and maximum LPS supply is 5000 kg/h. It is decided to check what the current bottleneck is if either or both feed flowrate and sulfuric acid concentration is increased. If it is then debottlenecked, how much the capacity can be increased before the next bottleneck is reached. And these questions are then repeated.
It can be seen that the plant has multiple recycle streams and highly heat integrated. Typical process simulation software such as Aspen Plus has a default calculation mode of sequential modular. (See www.aspentech.com) This calculation mode is known for not so powerful in solving many recycle streams. Hence, solving the problem with this default mode is almost impractical, given the time constraint to complete the project. On the other hand, all of the heat exchangers need to be simultaneously checked to see if any of them becomes the bottleneck. (Biegler et al., 2002; Zhu & Asante, 1999; Skogestad, 2004) This type of problem requires a different approaches as it will be outlined in this paper.
SOLUTION APPROACH
To overcome the above mentioned problem, the approach in Figure 2 is proposed. An Aspen Plus model is built and the calculation mode is changed to equation oriented mode. This mode of calculation takes the whole equations and solved them simultaneously instead of sequentially as in the default mode. Data from plant test run along with validated thermodynamic model are used to evaluate the current peformance of the multiple effect plant. With varying feed flowrate and feed concentration, and also considering the plant operating constraints, some trends on the required overall heat transfer coefficients (U) and steam can be obtained. These trends are then plotted in a so-called performance curves of the existing plant (Turton et.al., 2008) . This data from the plant test and equipment data are also used to evaluate the current performance of the heat exchangers. Performance parameters such as fouling conditions and how the plates are tightened are also estimated. These two parameters are useful in matching the overall heat transfer coefficients (U) and the heat exchanger pressure drops. 
RESULTS AND DISCUSSION
Figure 3 below shows the performance curves when both the sulfuric acid concentration in the feed is varied from 12wt% (current) to 25wt% and feed flowrate from 10000 (current) kg/hr to 20000 kg/hr. In the figure, LPS 10000 kg/hr means that it is the LPS consumption curve for 10000 kg/hr of feed. Regarding the higher feed flowrate, it is obvious that the requirements of both LPS and HPS streams increase. However, when the feed concentration increases, two different situations are shown. By increasing the sulfuric acid concentration, the amount of LPS decreases due to lower amount of water to be evaporated in the 3rd effect. On the other hand, the HPS increases with higher sulfuric concentration in the feed, which then increases the amount of feed to the last 4th effect (forced circulation effect). With the 5.000 kg/hr limit on the LPS and current feed concentration of 12 wt%, capacity can be increased until about 15.000 kg/hr. The plant will hit the LPS supply as the bottleneck. Nonetheless, if the feed concentration can be increased until above 25wt%, LPS supply may not be the bottleneck anymore. This may also mean that the upstream concentration unit will have to work harder. Figure 4 below shows the required overall heat transfer coefficient (U) for the 1st, 2nd, and 3rd effect, as well as the forced circulation exchangers. Separate simulations with Aspen Plus EDR show that the U values on these heat exchangers (shell & tube type) are in the range of 600 -800 W/(m2.K). It can be seen that the 2nd and the 3rd effects can handle feed with higher concentrations. On the other hand, the 1st effect requires much higher U values to do its required work at 15.000 kg/h of feed at the current concentration. Hence, it is the bottleneck at that point. This is due to its smaller heat exchanger area compared to the other effects, while at this feed condition, the evaporated water from the 2nd effect is quite high.
The opposite situation happens with the 4th effect (forced circulation unit). Increasing the feed concentration will increase the required U value to impractical values. The reason has been discussed above that the feed to this effect increases due to the higher absolute amount of sulfuric acid in the feed. Hence, this 4th effect (forced circulation) may be the bottleneck if the feed concentration increases to 20wt% at the current feed flowrate of 10.000 kg/hr. shows that the preheater 4 can be the bottleneck with the increasing feed concentration. To keep its temperature constraint, more heat needs to be transferred as more HPS is required. Hence, if this temperature constraint needs to be kept, increasing the feed concentration to about 17-18wt% at 20.000 kg/h of feed may make this preheater a bottleneck.
The same situation also happens with the preheater 1. This heat exchanger has a constraint to cool the product to maximum 40 o C. With increasing feed concentration, the product flowrate increases. Hence, it requires higher U values. For about 20wt% of feed concentration and 20.000 kg/hr of feed, this preheater may become the bottleneck.
The above bottlenecks observation is depicted in Figure 6 . Current situation is at 10.000 kg/hr of feed and 12 wt% feed concentration. By keeping the flowrate constant, increasing the feed concentration to 15 wt% will make the 4 th effect the bottleneck. On the other hand, at the same concentration, increasing the flowrate to below 15.000 kg/hr will make the 1 st effect the bottleneck. However, since this unit is at the early step of the process, this impact is barely noticeable in the plant. Its load is shifted to preheater 3 and the 2 nd effect, while the condensate load is shifted to preheater 2. At 15000 kg/hr, both LPS and 4 th effect become the bottlenecks. Due to its much smaller area, it is obvious that the 4 th effect is the first bottleneck in both situations (increasing feed flowrate or concentration). The estimate of this first bottleneck has been confirmed on the field. Hence, the result of this simulation is reasonably accurate. The remaining bottlenecks can be seen in Figure 6 . The total evaporated water in this multiple effect evaporator is simulated by Aspen Plus with the default sequential modular mode. All of the above datasheet information, U values, and operational constraints are taken into account. With this additional information, the simulation can be solved much better. The result is shown in Figure 7 , which shows the maximum plant capacity (maximum evaporated water) for different feed concentrations. 
CONCLUSIONS
The approach described in this work has been used to solve an industrial problem. The work requires strong interactions between operational people, consistent data gathering, and process simulation skill. The result has shown that the model can identify, with reasonable accuracy, the first bottleneck as confirmed on the field. Sequence of bottlenecks and their corresponding increment of capacity increase have also been identified. Thus, the aim of this paper to illustrate the use of process simulation for plant debottlenecking has been achieved.
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